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Ground-Water Studies and Analog Models

By Charles J. Robinove

ABSTRACT

Hydrologists make ground-water studies to aid managers
and users of water resources in solving their problems in the
development and management of ground water. Geologic and
hydrologic information provides the basic knowledge for
construction of electric analog models that portray the
ground-water system in miniature. Analog models can be
analyzed electrically, and the results of the analysis are
presented in terms of the ground-water system so that the
effects of alternative methods of water development can be
assessed.

INTRODUCTION

All parts of the United States have water
problems because expanding population and
industry create ever-increasing needs for
large supplies of good water. To cope with
these problems, basic information is needed
about water--its availability, quantity, qual-
ity, and use. This information is provided
by hydrologists.

People feel an individual and a community
responsibility to be aware of national and
local water problems, but they cannotalways
find the information they want and need. This
report explains how the United States Geo-
logical Survey studies ground-water systems
and uses electric analog models. It is one of
a series of reports being prepared by the
U. S. Geological Survey to help people under -
stand their water supply and how to manage
it.

The electric analog is not new to science.
However, its application to ground-water
problems is new. It is one of the tools used
to analyze ground water, which cannot readi-
ly be studied directly.

Although not all water problems are the
same, all have certain basic features in
common. Let us consider a ground-water

situation that is typical of many places inthe.
southwestern States. Our problem consists
of determining how best to use the ground-
water resource. Alternative methods of de-
veloping the ground water, such as spacing
wells close together or far apart, and the
possible effects of each alternative method
can be determined from studies of the area.
The water users then have a basis for de-
ciding what action they should take in devel-
oping the ground water.

THE GROUND-WATER SITUATION

Our example is a desert basin that is under-
lain by sand, gravel, and other rock materials,
and surrounded by mountains. (See fig. 1.)
These mountains are composed of rock that

60 miles

BASIN FLOOR

Water table

‘grevel above
the water table

Impermeable -

bedrock Permeabie sand and

gravel saturated with
water

Figure 1...The ground-water basin contains water in the underly-
ing sand and gravel,
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is quite dense and contains littlé water. Wa-
ter moves readily through the underlying de-
posits of sand and gravel, however.

Rain and snow are the sources of water
in the basin. Some water evaporates, some
runs off in streams, and some seeps into
the ground. Some of the water absorbed by
the soil is taken up by the roots of plants.
The rest of the water moves down deeper,
pulled by gravity. At some distance below
the floor of the basin, the spaces between the
sand and gravel grains are saturated with
water, This subsurface water is called ground
water. The upper surface of the saturated
zone is called the water table. The water table
and the saturated zone are shown in figurel,.

Although some ground water is everywhere
below the surface of the soil, it may not al-
ways be free to come into a well. Rocks
through which water can move easily are
said to be permeable. A layer of permeable
rock that yields water in useful quantities is
called an aquifer. The word "aquifer'' comes
from two Latin words: aqua or water, and
ferre, to bring. The aquifer literally brings
water (underground). An aquifer may be a
layer of gravel and sand, sandstone, or
cavernous limestone. In our example, the
aquifer consists of deposits of sand and
gravel, through which water moves readily,
An aquifer may be only a few feet thick, or
tens or hundreds of feet thick. It may be
just below the surface, or hundreds of feet
below. It may underlie a few acres or many
square miles. In our example, the aquifer
is about 500 feet thick and underlies about
1,800 square miles and the water table lies
20 to 100 feet below the surface.

The words "aquifer," ''ground-water ba-
sin," and "ground-water réservoir' areused
interchangeably here to mean the layers of
rock in which ground water is stored by
nature. Water in the ground-water basin is
always moving. However, the rate of move-
ment is so slow, compared with that of
streams, that for all practical purposes, the
ground-water basin is considered a storage
reservoilr.

Ground water moves very slowly through
the aquifer--sometimes only a few feet per
year, whereas water in streams and rivers
travels as much as several feet per second.
Many problems of ground-water development
and use arise from the fact that ground wa-
ter moves very slowly from one place to
another and more water is available in one
place than another.

PEOPLE ARE CONCERNED WITH WATER
PROBLEMS

Residents of the valley have drilled wells
into the water-saturated sand and gravel.
They have begun to pump water for irriga-
tion, home supplies, industries, and public
water supplies. As people realize that more
water is being used and that more wells are
needed, they become concerned about their
future supply of water. The ground-water
basin shown in figure 1 is an example of many
areas where development of ground water
is taking place or is contemplated. Problems
concerning possible depletion of the ground-
water resource, proper spacing of wells,
increased pumping lifts, and many other
problems confront users of water in such
an area and they begin to ask searching
questions about their particular uses of
water and about the ground-water situation
in general, (See fig. 2.) The hydrologist must
answer these questions, must aid water users
to recognize the nature of their water prob-
lems, and must help them to choose between
various alternative solutions to their water
problems.

“"~The suburban resident
thust have a perennial
supply of water g

/ The municipality must
\ have enough water
for growth and

expansion

The industrialist needs
large supplies of water

Figure 2, Water is needed for many uses,
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The water-level changes at the various
points are used to construct maps
showing, by contours, the water-level
declines throughout the aquifer at
various times since pumping began
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Figure 17. —The results of the analog model analysis are portrayed on maps and graphs.
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HOW ARE THE RESULTS OF GROUND-WATER
STUDIES PRESENTED TO THE PUBLIC?

Each year the Geological Survey publishes
many reports describing the results of
ground-water studies throughout the Nation.
These reports are published as water-supply
papers, hydrologic investigations atlases,
professional papers, circulars, andbulletins.
Some are also printed intechnical journals of
scientific societies. Reports also are pub-
lished by the State agencies with which the
Geotlogical Survey cooperates in hydrologic
studies.

The maps and graphs resulting from the
electric analog model analysis are published
in reports along with the maps of the ground-
water system, the basic data on the geology
and water resources, and the interpretations
of the data made by the hydrologist.

All these reports are available to the public
and are announced in monthly lists or other
releases. Geological Survey Water-Supply
Paper 1492 "Bibliography of Publications
Relating to Ground Water Prepared by the
Geological Survey and Cooperating Agencies,
1946-55," by R. C. Vorhis, 1957, is recom-
mended for further information on ground
water. Water-Supply Paper 1536-D ''The
Ground-Water Flow System in the Snake
River Plain, Idaho-An Idealized Analysis,"
by H. E. Skibitzke and J. A. daCosta, 1962,
describes the wuse of an electric analog

model in predicting the drawdown that could
be caused by pumping in the Snake River
Plain, Idahqo. These two papers may be ob-
tained from the Superintendent of Documents,
Washington, D.C.

Two articles outline the methodology and
use of analog model studies: "From Geologic
Data to Aquifer Analog Models" by R. W.
Stallman,. Geo-Times Magazine, v. 5, no. 7,
April 1961, and "Electronic Computers asan
Aid to the Analysis of Hydrologic Problems"
by H. E. Skibitzke, publication 52 of the
International Association of Scientific Hy-
drology, 1960.

GROUND-WATER STUDIES AND THE FUTURE

The use of electric-analog-models in the
solution of hydrologic problems provides the
scientist and engineer with an effective new
method of evaluating our water resources.
They have been used in the science of ground-
water hydrology for only a few years but al-
ready many improvements have been made.
Let us make clear, however, that the analog
model is not a final answer to our water-re-
source problems. Itis anexcellent tool which,
in the hands of capable hydrologist, can be of
great benefit and help. Research for new
techniques and improved methods of solving
water problems is, and will remain, the key
to the proper management and conservation
of our water resources.
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